ABSTRACT. The effectiveness of thermal fog application of Bacillus thuringiensis israelensis (Vectobact WDG) against larval Aedes aegypti was evaluated in open and forest canopied environments in northeastern Florida, using a handheld IGEBAt TF34 thermal fogger (with water conversion kit). The product was applied at the maximum label rate of 1 kg/ha to linear transects, in each environment, containing empty 0.5-liter cups. After application, late-2nd to early-3rd instars of Ae. aegypti were added to each cup. Complete larval mortality occurred 48 h after treatment, 8 m away from the spray line in the open field while 63.4% larval mortality was achieved at this same distance in the forest canopy at 72 h posttreatment. Operational efficacy was then evaluated in an urban tropical environment in Key West, FL. In this study, empty plastic cups were placed in cryptic areas of a commercial lobster and crab trap yard. The 0.1-ha area was treated with Vectobac WDG at the maximum label rate using the same equipment. Aedes aegypti larval mortality from treated cups was .99% at 24 h posttreatment, whereas complete mortality was achieved at 48 h after application.
Thermal fog technology has proven useful for applying adulticides for area-wide mosquito control. However, vehicular ground application of insecticides using this technology is often beset by various challenges: limited visibility from dense fog during application, potential burning of nearby vegetation, and increased expense of the petroleum diluent. Currently, aqueous mosquito adulticide formulations (compatible for use in some thermal foggers) that replace the dense fog with a fine mist are commercially available. This development led Dunford et al. (2014) to compare a commonly used backpack mist blower (Stihl SR450; Stihl Inc., Virginia Beach, VA) with the portable handheld SuperHawk XP thermal fogger (Curtis Dyna-Fog, Ltd., Jackson, GA) for applying the larvicide VectoBact WDG containing the bacterium Bacillus thuringiensis israelensis (Bti) de Barjac. They achieved .70% mortality of Culex quinquefasciatus Say larvae 9 m from the application source. This level of control was not significantly different from that of the Stihl application. This was the 1st demonstration of effective application of VectoBac WDG via a handheld thermal fogger. We report here on semi-field and field studies regarding the practicality and operational effectiveness of applying Bti using the IGEBAt TF34 handheld thermal fogger (Nixalite of America, Inc., Moline, IL) for the control of larval Aedes aegypti (L.) in subtropical and tropical urban environments.
Semi BioSciences, Libertyville, IL) was applied at the maximum label rate (1 kg/ha) using an IGEBA TF34 portable handheld thermal fogger capable of applying aqueous pesticide formulations. This fogger was used because the application nozzle on the machine is substantially shorter than other portable thermal fog units and provides better maneuverability in small spaces. In addition, the IGEBA TF34 is currently listed on the US Department of Defense National Stock System list for acquisition by federal agencies.
Evaluations consisted of placing empty 0.5-liter clear polypropylene cups (Fabri-Kalt, Kalamazoo, MI) in 3 linear transects in each habitat at 8, 15, 23, and 30 m from the point of application. Transects were placed 3 m apart. Application was based on the amount of area treated with an application rate of 1.9 liters/min. To ensure complete coverage the applicator walked slowly back and forth (approximately 3.2 km/h) along a 9-m perpendicular transect until the tank reservoir was empty (10 min). Each habitat was treated on different days. Water was first applied to 1 Mention of a trademark, vendor, or proprietary product does not constitute a guarantee or warranty of the product by the US Navy and does not imply its approval to the exclusion of other products that may also be suitable. The views expressed in this article are those of the authors and do not reflect the official policy or position of the Navy and Marine Corps Public Health Center, Navy Bureau of Medicine and Surgery, Department of Defense, or the US Government. Inc., Blacksburg, VA). Larval mortality was recorded daily and determined by the absence of movement upon being prodded with a teasing needle. Treatments in each habitat were repeated on 3 different weeks from July through September 2015, resulting in a sample size of n ¼ 9 per location. Field studies were conducted in a tropical urban environment on Stock Island, Key West, FL. The area designated for treatment (0.1 ha) was an unpaved commercial lobster and crab trap yard with several outbuildings and sparse emergent vegetation (24.56588, À81.7298). Several piles of large and small water-holding containers with abundant garbage and debris were present in this habitat. The same application rate and equipment were used to apply Bti in this study as in the semi-field studies, but the total application time for this larger area was 10 min. Prior to treatment, 10 clear, empty 0.5-liter polypropylene cups were placed in the area to simulate containers in a cryptic habitat under and behind outbuildings. Cup locations were unknown to the applicator. Water was applied first as an untreated control to the area using the same equipment. Bioassays with treated and untreated cups were conducted in the same manner as semi-field studies. Temperature, RH, wind direction, and wind speed were monitored during application. Field trials were conducted once monthly from June through August 2015.
Statistical analyses were conducted using the software of Intel Visual Fortran Compiler XE (Intel Corporation 2013). Mean larval mortality data, as a function of distance for the open field and forest canopy, in semi-field studies were found to have a nonnormal distribution and were subjected to a 1-way Kruskal-Wallis test (Kruskal and Wallis 1952) to determine differences at the 95% confidence level (a ¼ 0.05). The Duncan multiple-range test (Duncan 1955 ) was then applied (based on post hoc optimization analysis) to assess for significant differences in larval mortality between each pair of distances (P , 0.05).
In the semi-field subtropical study, Ae. aegypti larvae in cups placed in the open field transects achieved sustained 100% mortality at 8 m from the point of application at 48 h postexposure (Table 1) . There was no significant difference in larval mortality between cup locations within transects due to high variability of the data set. For cups placed in the forest canopy, the most significant reduction in larvae occurred at 8 m and 72 h posttreatment (Table  2) . Larval mortality in cups from the forest canopy environment significantly decreased with increasing distance from the point of application. Wind speed averaged 1.1 km/h during open and forest canopy trials.
For the urban tropical Key West field study, early data results from the semi-field subtropical study indicated that the greatest amount of larval mortality to VectoBac WDG occurred at 8 m from the point of application. Therefore, this application distance was adopted for treating the lobster-crab trap yard on Stock Island. Complete larval mortality was achieved within 48 h posttreatment for all treated containers on each of the 3 treatment dates. During the 1st application in June there was standing water in a few large containers within the treatment area. After the area was treated, water samples were collected for bioassays that resulted in complete mortality of Ae. aegypti larvae at 24 h after application (data not shown). Standing water was not present in any of the discarded water-holding containers in the yard during the July and August treatments. Wind speed averaged 1.8 km/h during the 3 trials. Dunford et al. (2014) found for larval Cx. quinquefasciatus with the Superhawk XP. The forest canopy application in our study produced lower larval mortality compared with the open field test, as expected, due to slower penetration of the spray cloud through the emergent vegetation. Although wind speed averaged about 1-2 km/h in our evaluations, we would expect greater mortality downwind with increasing wind speed.
The advantage of using the IGEBA TF34 for the application of aqueous larvicides is that it can also be used to apply petroleum or aqueous formulated adulticides. In this way only 1 piece of equipment is needed instead of 2. In addition, this thermal fogger is fairly compact and portable with a considerably shortened application nozzle (compared with other handheld commercial models), which facilitates ease of use in confined spaces.
It is important to note that Dunford et al. (2014) did not report a decrease in Bti toxin larvicidal activity by applying it with the Superhawk XP compared with the Stihl application. We similarly believe that there was no apparent denaturation of the VectoBac WDG Bti toxins when applied by the IGEBA TF34. In fact, the temperature at the nozzle tip of the shorter TF34 delivery tube was considerably lower (1278C) compared with the Superhawk XP (2218C) (J. Weston, unpublished data).
In summary, we found that using the IGEBA TF34 to operationally apply Vectobac WDG into cryptic larval habitats is an effective control method against Ae. aegypti in urban tropical environments. Future studies are needed to determine the effectiveness of other biologically based larvicides when applied by portable handheld thermal foggers.
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